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DESCRIPTION 



PYRIDYLTETRAHYDROPYRIDINES AND PYRIDYLPI PERIDINES , 
AND METHOD OF MANUFACTURING THEM 



Fro 

Field of the Invention 

The present invention relates to 5^ 

pyridyltetrahydropyridine derivatives ana ^ 

pyridylpiper idine derivatives which form important ^> 

intermediates in the fields of drugs, agricultural g=jpa 

chemicals, catalyst ligands, combinatorial chemistry, O 
organic electroluminescent devices, charge trans ferors , 
electrophotographic photoreceptors, dyes and so on, and 
to a method of manufacturing those derivatives. 



Background Art 

Pyridyltetrahydropyridine derivatives and 

pyridylpiperidine derivatives are useful in the fields 
of drugs, agricultural chemicals, catalyst ligands, 
combinatorial chemistry, organic electroluminescent 
devices, charge transferors, electrophotographic 
photoreceptors, dyes and so on, and various types of those 
derivatives are developed already in the medicinal field 
in particular. For instance, the 

pyridyltetrahydropyridine derivatives hitherto 
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disclosed are a.,^ receptor antagonists (See Patent 
Document 1 and Patent Document 2; the cited documents 
are shown hereinafter), 5-HTia receptor antagonists (See 
Patent Document 3), te trabenazine antagonists (See 
Non-patent Document 1), TNP inhibition activators (See 
Patent Document 4), neurodegenerative disease fighting 
drugs (See Patent Document 5), and so on. And the 
pyridylpiperidine derivatives hitherto disclosed are, 
e.g., neuropeptide Y or Y5 antagonists (See Patent 
Document 6 and Patent Document 7), 

corticotropin-releasing factor inhibitors (See Patent 
document 8)., aiA adr enor eceptor antagonists (See Patent 
Document 9) and metalloprotease inhibitors (See Patent 
Document 10 and Patent Document 11) • 

On the other hand, methods of reducing bipyridines 
directly to pyr idy It etrahyd^ropyridine derivatives or 
pyridylpiperidine derivatives have not been developed 
yet, but these derivatives required multiple-step 
syntheses . 

The synthesis method according to dehydration 
reaction of piperidinol (See Patent Document 12) is 
disclosed as one example of manufacturing methods of 
tetrahydropyridine derivatives. However, such a method 
has a problem in industrial-scale production since a 
piperidinol analogue used as the starting material is 
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generally hard to get. 



cm- 




As another method, it is known that 
tetrahydropyridine derivatives can be synthesized by 
nucleophilic substitution using halogenated pyridines 
(See Patent Document 13). However, this synthesis 
requires the use of a highly toxic material, such as 
tributyl stannane, or a highly reactive raw material such 
as an organoli thium compound or a Grignard compound, so 
it also has a problem in industrial-scale production. 

Further, there is known the method of manufacturing 
pyridylpiperidines directly from bipyridines with the 
aid of nickel-aluminum alloy (See Non-patent Document 
2) . However, such a method requires a long reaction time 
of 385 hours, so a problem lies in the industrialization 
thereof . 

\. Ni-AI alloy /-Y_/~^N-H 




N 




Additionally, there are known some methods for 
production of pyridylpiperidines from bipyridines 
through selective reduction of one aromatic ring alone 
in each bipyridine. In an example of such methods. 
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bipyridine derivatives are oxidized by use of 
peroxybenzoic acid to be guided to N-oxides, and then 
undergo hydrogenat ion reaction using 10% palladium carbon 
as a reduction catalyst. However, such a production 
method requires a peroxide compound like peroxybenzoic 

acid, so it is difficult to enlarge the reaction scale 

(See Non-patent Document 3) . 




N-H 
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Disclosure of the Invention 

Objects of the invention are to provide 
pyridyltetrahydropyridine derivatives and 

pyridylpiperidine derivatives useful in the fields of 
drugs, agricultural chemicals, catalyst ligands, 
combinatorial chemistry, organic electroluminescent 
devices, charge transferors, electrophotographic 
photoreceptors, dyes and so on, and to provide a method 
of manufacturing such derivatives. 

As a result of our intensive studies to attain the 
objects, we have succeeded in developing 
pyridyltetrahydropyridine derivatives and 

pyridylpiperidine derivatives useful as intermediates 
for drugs, agricultural chemicals, catalyst ligands, 
combinatorial chemistry, electrophotographic 

photoreceptors, dyes and the like, and a manufacturing 
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method thereof, thereby completing the invention. 

In other words: 
(1) A compound represented by the following formula (I) 

and a salt thereof. 





R3 (I) 



In formula ( I ) / 

Rl represents an alkyl group, an alkenyl group, an 
alkynyl group, an aryl group, an alkoxy group, an aryloxy 
group, a formyl group, a carboxyl group, a carbonyl group, 
an oxycarbonyl group, asulfonyl group, a carbamoyl group , 
a sulfamoyl group, a thiol group, an alkylthio group, 
an arylthio group, a thiocarbonyl group, a ureido group, 
an amino group, a carbony lamino group, a sul f onylamino 
group, a cyano group, a heterocycle residue, a fluorine 
atom, a bromine atom or an iodine atom. 

R2 represents a hydrogen atom or an alkyl group. 

Alternatively, Rl and R2 may combine and form a ring 
structure . 

R3 represents a hydrogen atom, an alkyl group, a 
formyl group, a carboxyl group, a carbonyl group, an 
oxycarbonyl group, a sulfonyl group, a carbamoyl group 
or a sulfamoyl group. 
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(2) A compound represented by the following formula (II) 
and a salt thereof. 



R5 



In formula ( II) / 

R4 represents an alkyl group, an alkenyl group, an 
alkynyl group, an aryl group, an alkoxy group, an aryloxy 
group, a formyl group, a carboxyl group, a carbonyl group, 
anoxycarbonyl group, a sul f ony 1 group , a carbamoyl group , 
a sulfamoyl group, a thiol group, an alkylthio group, 
an arylthio group, a thiocarbonyl group, a ureido group, 
an amino group, a carbonylamino group, a sul fonyl amino 
group, a cyano group, a heterocycle residue, a fluorine 
atom, a bromine atom or an iodine atom. 

R5 represents a hydrogen atom or an alkyl group. 

Alternatively, R4 and R5 may combine and form a ring 
s tructure . 

R6 represents a hydrogen atom, an alkyl group, a 
formyl group, a carboxyl group, a carbonyl group, an 
oxycarbonyl group, a sulfonyl group, a carbamoyl group 
or a sulfamoyl group. Provided that R6 does not represent 
a methyl group when R4 and R5 combine and form a benzene 



ring 
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(3) Acompound represented by the following formula (III) 
and a salt thereof. 




(ID) 



In formula (III) / 

R7 represents an alkyl group, an alkenyl group, an 
alkynyl group, an aryl group, an alkoxy group, an aryloxy 
group, a formyl group, a carboxyl group, a carbonyl group, 
an oxycarbonyl group, a sul f onyl group , a carbamoyl group , 
a sulfamoyl group, a thiol group, an alkylthio group, 
an arylthio group, a thiocarbonyl group, an ureido group, 
an amino group, a carbony lamino group, a sul f onylamino 
group, a nitro group, a cyano group, a halogen atom or 
a heterocycle residue. 

R8 represents a hydrogen atom or an alkyl group. 

Alternatively, R7 and R8 may combine and form a ring 
structure. 

R9 represents a hydrogen atom, an alkyl group, a 
formyl group, a carboxyl group, a carbonyl group, an 
oxycarbonyl group, a sulfonyl group, a carbamoyl group 
or a sulfamoyl group . Provided that R9 does not represent 
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a sulfonyl group when R7 represents a chlorine atom and 
R8 represents a hydrogen atom. 

(4) A compound represented by the following formula (IV) 
and a salt thereof. 




(IV) 



In formula ( IV) , 

RIO represents an alkyl group, an alkenyl group, 
an alkynyl group, an aryl group, an alkoxy group, an aryloxy 
group, a formyl group, a carboxyl group, a carbonyl group, 
an oxycarbonyl group, a sulfonyl group, a carbamoyl group, 
a sulfamoyl group, a thiol group, an alkylthio group, 
an arylthio group, a thiocarbonyl group, an ureido group, 
an amino group, a carbony lamino group, a sul f onylamino 
group, anitrogroup, a cyano group, a heterocycle residue 
or a halogen atom. 

Rll represents a hydrogen atom or an alkyl group. 

Alternatively, RIO and Rll may combine and form a 

ring structure. 

R12 represents a hydrogen atom, an alkyl group, a 
formyl group, a carboxyl group, a carbonyl group, an 
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oxycarbonyl group, a sulfonyl group, a carbamoyl group 
or a sulfamoyl group. 

(5) A method of manufacturing a compound represented by 
the following formula (VI) through reaction between a 
bipyridine derivative represented by the following 
formula (V) and benzyl halide or benzyloxycarbonyl halide 
and subsequent reduction of the reaction product with 
a palladium catalyst, a platinum catalyst, a ruthenium 
catalyst or a rhodium catalyst. 





(V) 



represents a single or double bond. 



In formulae (V) and (VI), 

R13 and R14 each independently represents a hydrogen 
atom, an alkyl group, an alkenyl group, an alkynyl group,, 
an aryl group, an alkoxy group, an aryloxy group, a formyl 
group, a carbonyl group, a carboxyl group, an oxycarbonyl 
group, a sulfonyl group, a carbamoyl group, a sulfamoyl 
group, a thiol group, an alkylthio group, an arylthio 
group, a thiocarbonyl group, a ureido group, an amino 
group, a carbony lamino group, a sulf onylamino group, a 
nitro group, a cyano group, a halogen atom or a heterocycle 
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residue . 

Alternatively, R13 and R14 may combine and form a 

ring structure. 

R15 represents a hydrogen atom, a benzyl group or 

a benzyloxycarbonyl group. 

In accordance with the invention, it becomes 
possible to provide pyr idyl tet rahydropyr idine 
derivatives and pyridylpiperizine derivatives useful as 
intermediates of drugs and agricultural chemicals, 
electrophotographic photoreceptors, dyes and the like, 
and further to provide a manufacturing method thereof. 

Best Mode for Carrying Out the Invention 

The invention is illustrated below in detail. 
In the compounds represented by formulae (I) to (VI), 
the alkyl group represented by each of Rl to R14 
specifically includes 1-20C linear, branched and cyclic 
alkyl groups, such as methyl , ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, 
octadecyl, nonadecyl, eicosyl, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 
cyclononyl and cyclodecyl etc. 

The alkenyl group represented by Rl/ R4 , R7, RIO, 
R13 and R14 each is intended to include 2-20C linear. 
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branched and cyclic alkenyl groups, such as vinyl, allyl, 
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, 
nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, 
tetradecenyl, pentadeceny 1 , hexadecenyl, heptadeceny 1 , 
octadecenyl, nonadecenyl, eicosenyl, hexadienyl and 

dodecatrienyl etc. 

The alkynyl group represented by Rl, R4, R7, RIO, 
R13 and R14 each is intended to include 2-20C linear, 
branched and cyclic alkynyl groups, such as ethynyl, 
butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl,. 
cyclooctynyl, cyclononynyl and cyclodecynyl etc. 

The aryl group represented by Rl, R4, R7, RIO, R13 
and R14 each is intended to include 6-lOC membered. 
monocyclic or bicyclic aryl groups, such as phenyl and 

naphthyl etc. 

The alkoxy group represented by Rl , R4, R7 , RIO, 
R13 andR14 each is intended to include 1-20C alkoxy groups, 
such as methoxy, ethoxy, propoxy, butoxy, pentyloxy, 
hexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy, 
dodecyloxy and octadecyloxy etc. 

The aryloxy group represented by Rl, R4, R7, RIO, 
R13 and R14 each is intended to include phenoxy and 

naphthoxy groups etc. 

The carbonyl group represented by Rl, R3, R4, R6, 
R7, R9, RIO, R12, R13 and R14 each is intended to include 
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acetyl, propionyl, butyryl, valeryl, isovaleryl, 
pivaloyl, lauroyl, myristoyl, benzoyl and naphthoyl 
groups etc. 

The oxycarbonyl group represented by Rl, R3, R4, 
R6, R7, R9, RIO, R12, R13 and R14 each is intended to 
include me thoxycarbonyl , ethoxycarbony 1 , 

tert-butoxycarbonyl, n-decyloxycarbonyl , 

n-hexadecyloxycarbonyl, phenoxycarbonyl and 

naphthyloxycarbonyl groups etc. 

The sulfonyl group represented by Rl, R3, R4, R6, 
R7, R9, RIO, R12, R13 and R14 each is intended to include 
methylsulfonyl, e thylsul f onyl , propylsul f onyl , 

butylsulfonyl, pentylsulf onyl , hexylsul f onyl , 

octylsulfonyl, dodecylsulf onyl , hexadecylsul f onyl , 
phenylsulfonyl and naphthylsulf onyl groups etc. 

The carbamoyl group represented by Rl , R3, R4 , R6, 
R7, R9, RIO, R12, R13 and R14 each is intended to include 
carbamoyl; monosubst i tuted carbamoyl groups, such as 
N-methylcarbamoyl, n- { tert-butyl ) carbamoyl , 

N-dodecylcarbamoyl, N-octadecylcarbamoyl and 

N-phenylcarbamoyl; and disubsti tuted carbamoyl groups, 
such as N, N-dimethylcarbamoyl, N , N-dihexy Icarbamoyl , 
N,N-didodecylcarbamoyl and N, N-diphenylcarbamoy 1 etc. 

The sulfamoyl group represented by Rl, R3, R4, R6, 
R7, R9, RIO, R12, R13 and R14 each is intended to include 
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sulfamoyl; monosubst i tuted sulfamoyl groups, such as 
N-ethylsulfamoyl, n- ( iso-hexyl ) sul f amoyl , 

N-ethylsulfamoyl, N-decy Isul f amoyl , 

N-hexadecylsulfamoyl and N-phenylsul f amoyl ; and 
disubstituted sulfamoyl groups, such as 

N,N-dimethylsulf amoyl, n, N-dibutoxysulf amoyl , 

N,N-dioctylsulf amoyl, n, N-tetradecylsulf amoyl and 
N, N-diphenylsul f amoyl etc. 

The alkylthio group represented by Rl, R4 , R7 , RIO, 
R13 and R14 each is intended to include 1-20C alkylthio 
groups, such as methylthio, ethylthio, propylthio, 
butylthio, pentylthio, hexylthio, heptylthio, octylthio, 
nonylthio, decylthio, dodecyl thio and hexadecy 1 thio etc . 
The arylthio group represented by Rl , R4 , R7 , RIO, R13 
and R14 each is intended to include phenylthio and 
naphthylthio groups etc. 

The thiocarbonyl group represented by Rl , R4, R7 , 
RIO, R13 and R14 each is intended to include 
methylthiocarbonyl, ethyl thiocarbonyl , 

butylthiocarbonyl, octylthiocarbonyl, 
decylthiocarbonyl, tetradecyl thiocarbonyl , 

octadecylthiocarbonyl, phenylthiocarbonyl and 

naphthylthiocarbonyl groups etc. 

The ureido group represented by Rl, R4, R7 , RIO, 
R13 and R14 each is intended to include ureido. 
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N-methylureido, N- ( tert-but y 1 ) ure ido , N-octylureido , 
N-hexadecylureido, N-phenylureido , N, N-diethylureido , 
N,N-dipropylureido, N, N-dihexylureido , 

N,N-didecylureido, n, N-dioctadecylureido and 

N, N-diphenylureido groups etc. 

The amino group represented by Rl, R4, R7 , RIO, R13 
andR14 each is intended to include amino; monosubs tituted 
amino groups, such as N-me thylamino , N-butylamino , 
N-hexylamino, N-decy lamino , N- tet radecylamino , 

N-octadecylamino, N-phenylamino and N-naphthy lamino ; 
and disubstituted amino groups, such as N, N-die thylamino , 
N,N-diheptylamino, N, N-dioctylamino, N, N-dodecylamino , 
N, N-octadecylamino and N, N-diphenylamino etc. 

The carbonylamino group represented by Rl , R4, R7 , 
RIO, R13 and R14 each is intended to include acetylamino, 
ethylcarbonylamino, tert-butylcarbonyl amino , 

n-octylcarbonylamino, n-hexadecylcarbonylamino , 

benzoylamino, naphthoylamino , methoxycarbonylamino , 
ethoxycarbonylamino, n-octyloxycarbony lamino and 
n-hexadecyloxycarbonylamino groups etc. 

The halogen atom represented by R7 , RIO, R13 and 
R14 each is intended to include a chlorine atom, a bromine 
atom, an iodine atom and a fluorine atom etc. 

The heterocycle residue represented by Rl, R4, R7 , 
RIO, R13 and R14 each is intended to include residues 
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of 5- to 10-iaembered monoheterocycles or biheterocycles 
which each contains 1 to 4 heteroatoms selected from among 
nitrogen, oxygen and sulfur atoms, such as thiophene, 
furan, pyran, pyridine, pyrrole, pyrazine, azepine, 
azocine, azonine, azecine, oxazole, thiazole, pyrimidine, 
pyridazine, triazine, triazole, tetrazole, imidazole, 
pyrazole, morpholine, thiomorpholine , piperidine, 
piperazine, quinoline, isoquinoline, indole, isoindole, 
quinoxaline, phthalazine, quinolizine, quinazoline, 
quinoxaline, naphthyr idine , chromene, benzofuran and 
benzothiophene etc. 

Those substituents relating to Rl to R14 may have 
additional substituents, which have no particular 
restrictions. Examples of the additional substituents 
include alkyl, alkenyl, phenyl, hydroxyl, alkoxy, phenoxy, 
amino, alkylthio, phenylthio, halogen atoms and 
heterocycle residues etc., but not necessarily limited 
to these ones. Further, these additional substituents 
may have substituents, such as alkyl, phenyl, amino or 

halogen atoms etc. 

Alternatively, a ring structure may be formed by 
combining Rl with R2 , R4 with R5, R7 with R8 , RIO with 
Rll or R13 with R14. Examples of the ring formed include 
partially saturated rings, such as cyclopentene , 
cycohexene and cyclooctene etc.; aromatic rings, such 
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as benzene and naphthalene etc.; and he terocycles , such 
as pyrrole, dihydropyrrole , pyridine, pyran and 
dihydropyran etc. These rings may further have 
substituents, which have no particular restrictions. 

In the present compounds, Rl and R4 each is preferably 
a 1-12C alkyl group, a 6-lOC aryl group, a substituted 
or unsubst ituted amino group, a bromine atom or an iodine 
atom, more preferably an unsubst ituted amino group or 
a bromine atom. 

R2, R5, R8 and Rll each is preferably a hydrogen 
atom or a 1-12C alkyl group, more preferably a hydrogen 
atom, a methyl group or an ethyl group. 

R3 is preferably a hydrogen atom, a 1-12C alkyl group 
or an oxycarbonyl group, more preferably a hydrogen atom, 
a methyl group, an ethyl group or an alkoxycarbonyl group, 
particularly preferably a hydrogen atom, a methyl group 
or an ethyl group. 

R6, R9 and R12 each is preferably a hydrogen atom, 
a 1-12C alkyl group or an oxycarbonyl group, more 
preferably a hydrogen atom, a methyl group, an ethyl group 
or an alkoxycarbonyl group, particularly preferably a 
hydrogen atom, an ar yl-subs ti tuted methyl group or an 
aryl-substituted alkoxycarbonyl group . However, R 6 does 
not represent a methyl group when R4 and R5 combine and 
form a benzene ring. In addition, R9 does not represent 
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a sulfonyl group when R7 is a chlorine atom and R8 is 

hydrogen atom. 

R7, RIO, R13 and R14 each is preferably a 1-12C alkyl 

group, a 6-lOC aryl group, a substituted or unsubst ituted 

amino group, a nitro group or a halogen atom, more 

preferably an unsubst ituted amino group, a nitro group 

or a bromine atom. 

The present compounds are converted to their salts 

in accordance with known methods. 

Examples of such salts include alkali metal salts, 

alkaline earth metal salts, ammonium salts, amine salts, 
and acid addition salts etc. More specifically, these 
salts include alkali metal salts, such as sodium and 
potassium etc.; alkaline earth metal salts, such as 
calcium and magnesium etc.; ammonium salts, such as 
tetramethylammonium etc.; and organic amine salts, such 
as triethylamine, methylamine, dime thylamine , 

cyclopentylamine, benzylamine, phenethylamine , 

piperidine, monoethanolamine, di e thanolamine , 

tris (hydroxymethyl) aminomethane, lysine, arginine and 
N-methyl-D-glucamine etc. 

Suitable examples of acid addition salts include 
inorganic acid addition salts, such as hydrochloride, 
hydrobromide, hydroiodide, sulfate, phosphate and 
nitrate; and organic acid salts, such as acetate , lactate. 
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tartrate, benzoate, citrate, me thanesul f onate , 
ethanesulf onate, benzenesul f onate , toluenesulf onate, 
isethionate, glucuronate and gluconate etc. 

Next the synthesis method according to the invention 
is described below in detail. 

The present synthesis method consists in that 
pyridylpyridine derivatives (hereinafter abbreviated as 
"bipyridines") as starting materials, which are 
represented by formula (V) , are made to react with benzyl 
halides or benz y loxycarbony 1 halides in the presence of 
appropriate solvents, and then the intermediates thus 
obtained are hydrogenated with at least one of catalysts 
such as palladium, platinum, ruthenium or rhodium, and 
thereby they are led to pyridyl tetrahydropyridines or 
pyridylpiperidines represented by formula (VI) as 
intended products (hereinafter abbreviated as 
"pyridyltetrahydropyridines" or "pyridylpiperidines", 
respectively) . As an example of such a reaction scheme, 
the. case of using a 2 , 4 -dipyr idine derivative as the 
starting material and allowing the derivative to react 
with benzyl bromide is illustrated below. However, this 
case should not be construed as limiting the scope of 
the invention. 



19 




With respect to the bipyridine derivatives as 
starting materials, various commercial products can be 
utilized. Alternatively, those derivatives can be 
synthesized using known methods, e.g., the methods 
disclosed in JP-A- 2 0 0 0 - 3 5 5 5 8 0 , JP-A- 2 0 0 1 - 2 6 1 6 4 6 and 
JP-A-2001-261647 . 

Examples of benzyl halides usable in the invention 
include benzyl chloride, benzyl bromide and benzyl iodide . 
And examples of benzy loxycarbonyl halides usable in the 
invention include benzyloxycarbonyl chloride, 
benzyloxycarbonyl bromide and benzyloxycarbonyl iodide. 
Of these halides, benzyl chloride, benzyl bromide and 
benzyloxycarbonyl chloride are prefer red over the others , 
and the more preferred one is benzyl bromide. The amount 
of benzyl halides used is preferably 0.5 to 2.0 times 
by mole, more preferably 0.9 to 1.2 times by mole, per 
Imol of a bipyridine derivative. The amount of 
benzyloxycarbonyl halides used is preferably 0.5 to 3.0 
times by mole, more preferably 1.0 to 1.5 times by mole. 
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per Imol of a bipyridine derivative. 

The reactions between bipyridine derivatives and 
benzyl halides or benzy loxycarbonyl halides are carried 
out at a reaction temperature ranging from 0 to 200^C, 
preferably from 10 to 100°C, more preferably from 20 to 
80°C. These reactions are generally completed within 24 
hours. Disappearance of the starting materials is 
recognized within a time of 10 minutes to 12 hours in 
many cases, and the suitable reaction time is from 10 
minutes to 4 hours. 

Then, the intermediates thus obtained undergo 
catalytic hydroge nation in the presence of a hydrogena t ion 
catalyst. 

The hydrogenation catalyst used in the invention 
is chosen from palladium catalysts, platinum catalysts, 
ruthenium catalysts or rhodium catalysts. Examples of 
the palladium catalysts include palladium carbon, 
palladium carbon poisoned by a sulfur compound, supported 
catalysts such as a palladium -supported silica catalyst, 
a palladium-supported alumina catalyst, a 
palladium-supported barium sulfate catalyst and a 
palladium-supported zeolite catalyst, palladium black, 
Raney palladium, metal palladium, palladium hydroxide, 
and palladium oxide. Examples of the platinum catalysts 
include platinum carbon, platinum carbon poisoned by a 



21 



sulfur compound, supported catalysts such as a 
platinum-supported silica catalyst and a 
platinum-supported alumina catalyst, metal platinum, 
platinum black, and platinum dioxide (Adam's catalyst) . 
Examples of the ruthenium catalysts include supported 
catalysts such as a ruthenium-supported silica, a 
ruthenium-supported alumina and a ruthenium-supported 
carbon, ruthenium black, ruthenium chloride and ruthenium 
oxide. Examples of the rhodium catalysts include 
supported catalysts such as a rhodium-supported silica 
catalyst, a rhodium- support ed alumina catalyst and a 
rhodium-supported carbon catalyst, metal rhodium, 
rhodium black, rhodium chloride and rhodium oxide. Of 
these catalysts, palladium carbon poisoned by a sulfur 
compound, platinum carbon poisoned by a sulfur compound 
and platinum dioxide (Adam's catalyst) are used to 
advantage over the others. And the palladium carbon 
poisoned by a sulfur compound is preferable by far. The 
amount of a catalyst used is generally from 0.001 to 2 
times byweight, prefer ablyfromO.OOStol times by weight , 
more preferably from 0.008 to 0.08 times by weight, based 
on the amount of a bipyridine derivative. Further, two 
or more kinds of catalysts can used in a mixed condition, 
and the mixing ratio between them can be determined 
arbitrarily . 
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Of the catalysts recited above, in the case of 
synthesizing pyr idyl tetrahydropyr idines of the present 
compounds, palladium carbon poisoned by a sulfur compound, 
platinum carbon poisoned by a sulfur compound and platinum 
dioxide (Adam's catalyst) are preferred over the others, 
and those preferable by far are palladium carbon poisoned 
by a sulfur compound and platinum carbon poisoned by a 
sulfur compound. In the case of synthesizing 
pyr idylpiper idine s , on the other hand, palladium carbon, 
platinum carbon and platinum dioxide (Adam's catalyst) 
are preferred over the others, and those preferable by 
far are palladium carbon and platinum dioxide (Adam's 
catalyst ) . 

In the case of synthesizing 
pyr idyl tetrahydropyr idines , the amount of catalysts used 
is generally from 0.001 to 2 times by weight, preferably 
from 0.005 to 1 times by weight, more preferably from 
0.008 to 0.08 times by weight, based on the amount of 
a bipyridine derivative. In the case of synthesizing 
pyr idylpiper idines , the amount of catalysts used is 
generally from 0.001 to 2 times by weight, preferably 
from 0-005 to 1 times by weight, more preferably from 
0.008 to 0.1 times by weight, based on the amount of a 
bipyridine derivative. The reduction reaction is 
generally carried out at a reaction temperature ranging 



23 



from 20 to 200°C, and the reaction temperature range is 
preferably from 20 to 100°C, more preferably from 30 to 
80°C . 

Besides being hydrogen gas, the hydrogen source 
which can be used herein is 3-6C secondary alcohol, such 
as isopropanol; cyclohexene; 1 , 3-cyclohexadiene ; 
hydrazine; phosphinic acid ; an alkali metal hypophosphite, 
such as sodium hypopho sphi t e or potassium hypopho sphi t e ; 
indoline; formic acid, or a salt consisted of an ammonium 
such as an ammonium formate, t r ie thylamine , alkali or 
alkaline earth metal or hydrogen halide. These hydrogen 
sources can be used as a mixture of two or more thereof, 
and the mixing ratio between them can be determined 
arbitrarily. The hydrogen pressure under which the 
reduction is carried out is generally within the range 
of 10 to 20,000 kPa, and it is preferably from 100 to 
10,000 kPa, more preferably from 100 to 1,000 pKa, in 
the case of synthesizing pyridyl tetrahydropyridines . In 
the case of synthesizing pyridylpiper i dines , the hydrogen 
pressure is preferably from 100 to 10,000 kPa, more 
preferably from 300 to 1.000 pKa. These reactions are 
generally completed within 24 hours, and disappearance 
of starting materials is recognized within a time of 30 
minutes to 12 hours in many cases. 

The solvents used in those reactions may be any 
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of solvents, irrespective of whether they are polar or 
non-polar, which include water; aromatic solvents, such 
as benzene, toluene, xylene, chlorobenzene and 
dichlorobenzene ; polar solvents, such as pyridine, 
acetonitrile, N, N-dime thyl f ormamide , 

N, N-dimethylacetamide and N-methylpyrrolidone ; ester 
solvents, such as methyl acetate, ethyl acetate and butyl 
acetate; alcohol solvents, such as methanol, ethanol, 
butanol and t-butanol ; and ether sol vents , such as diethyl 
ether, diisopropyl ether, dibutyl ether, methyl t-butyl 
ether and te t r ahydro f ur an • Of these solvents, 
preferable ones are water and alcohol solvents, such as 
methanol, ethanol, isopropyl alcohol, butanol and 
t-butanol, and those preferred by far are methanol, 
ethanol and isopropyl alcohol. In addition, two or more 
of the solvents may be used in a mixed condition. Herein, 
the mixing ratio between them can be determined 
arbitrarily. The amount of reaction solvents used is 1 
to 50 times by weight, preferably 2 to 30 times by weight, 
more preferably 5 to 10 times by weight, based on the 
amount of a bipyridine derivative. 

Examples of a method for purifying 

pyridyltetrahydropyridines or pyridylpiper idines as the 
present compounds after conclusion of the reaction include 
extraction with water and an organic solvent, such as 
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ethyl acetate or toluene, recrystallizationwith alcohol , 
hexane, toluene or the like, purification on a column 
of silica gel, alumina or the like, and reduced-pressure 
distillation. When the purification is performed using 
a single or two or more of those methods in combination, 
it is possible to obtain the intended products at high 
purities . 

Examples of the present compounds are illustrated 
below, but the invention should not be construed as being 
limited to these ones. 
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(i)Pr (n)Bu 
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CONHPh COOH 





In addition, examples of compounds other than the 
foregoing compounds obtained in accordance with the 
present manufacturing method are illustrated below, and 
the invention is free of limitations to these compounds. 
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Me^N NC PhHNOC 




Examples 

Next the invention is described in more concrete 
form by reference to examples, but the invention should 
not be construed as being limited to these examples. The 
structural analyses were made with the aid of ^H-NMR and 
mass spectra . 
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Example 1: Synthesis of 4- ( 5' -Methylpyrid- 
2' -yl) piperidine ( (II) -1) 

Benzyl bromide in an amount of 10.5 g was added to 
a solution of 10 g of 5-me thyl-2 , 4 ' -bipyr idine in 70 mL 

of isopropyl alcohol, and stirred for 5 hours at SO^^C. 
Totheresultingreactionsolution, 1.69gofl0% palladium 
carbon and 4 . 53 g of ammonium acetate were added- This 
admixture was put in an autoclave, the autoclave's 
atmosphere was replaced twice with nitrogen gas under 
a nitrogen pressure of 196 kPa, and then hydrogen gas 
was blown into the autoclave over 5 hours at 80*^C under 
a hydrogen pressure of 490 kPa until the absorption of 
hydrogen gas in a volume of 5, 400 mL was completed- After 
the replacement with nitrogen, the catalyst was filtered 
out and the resulting filtrate was concentrated under 
a reduced pressure of 1.33 kPa until the quantity thereof 
was reduced to 14.0 g. Further thereto, 50 mL of water 
and 10 g of a 25% aqueous solution of sodium hydroxide 
were added. The resulting solution was extracted with 
three 200 mL portions of ethyl acetate, and the organic 
layer was concentrated. The thus deposited crystals were 
dried to give 5.00 g of the intended compound as light 
yellow crystals . Yield rate: 48%, EI-MS: ( m/ z ) 1 7 6 (M"*" ) , 
melting point: 90,2-92.0°C. 

Example 2: Synthesis of 5-Me thyl- 1 ' , 2 ' , 5 ' , 6 ' - 
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tetrahydro- [2,4' ] -bipyridine ( (I) -1) 

Benzyl bromide in an amount of 10.5 g was added to 
a solution of 10 g of 5-methyl-2 , 4 ' -bipyridine in 70 mL 
of isopropyl alcohol, and stirred for 5 hours at 50°C. 
To the resulting re actionsolut ion, 1.0gof2% pal lad i urn- S 
carbon and 6.0 g of triethy lamine were added. This 
admixture was put in an autoclave, the autoclave's 
atmosphere was replaced twice with nitrogen gas under 
a nitrogen pressure of 196 kPa, and then hydrogen gas 
was blown into the autoclave over 3 hours at SO^'C under 
a hydrogen pressure of 196 kPa until the absorption of 
hydrogen gas in a volume of 4, 200 mL was completed . After 
the replacement with nitrogen, the catalyst was filtered 
out and the resulting filtrate was concentrated under 
a reduced pressure of 1.33 kPa until the quantity thereof 
was reduced to 18.0 g. Further thereto, 50 mL of water 
and 10 g of a 25% aqueous solution of sodium hydroxide 
were added. The resulting solution was extracted with 
three 200 mL portions of ethyl acetate, and the organic 
layer was concentrated. The thus obtained solid was 
adsorbed to NHa-modif led silica gel (produced by Biotage 
Japan, Ltd. ) , and e luted with ethyl acetate . The fraction 
obtained was concentrated, and the crystals thus deposited 
were dried to give 4.1 g of the intended compound as light 
yellow crystals. Yield rate: 40%, EI-MS: ( m/ z ) 1 7 4 (M"" ) , 
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melting point: 78-80°C, 

Example 3: Synthesis of 5 , 6-Dimethyl- 1 ' , 2 ' , 5 ' , 6 ' - 
tetrahydro- [ 2 , 3 ' ] bipyr idine ( ( I) -34 ) 

Benzyl bromide in an amount of 1.06 g was added to 
a solution of 1 g of 5 , 6--dimethyl-2 , 3 ' -bipyr idine in 15 
mL of isopropyl alcohol, and stirred for 5 hours at 50°C 
to finish the reaction. To the reaction solution, 0.18 
g of 10% palladium carbon and 0.59 g of triethylamine 
were added. This admixture was put in an autoclave, the 
autoclave's atmosphere was replaced twice with nitrogen 
gas under a nitrogen pressure of 196 kPa, and then hydrogen 
gas was blown into the autoclave over 3 hours at 80°C under 
a hydrogen pressure of 196 kPa until the absorption of 
hydrogen gas in a volume of 400 mL was completed- After 
the replacement with nitrogen, the catalyst was filtered 
out and the resulting filtrate was concentrated under 
a reduced pressure of 1.33 kPa until the quantity thereof 
was reduced to 1.70 g. Further thereto, 50 mL of water 
and 10 g of a 25% aqueous solution of sodium hydroxide 
were added. The resulting solution was extracted with 
three 200 mL portions of ethyl acetate, and the organic 
layer was concentrated. The thus obtained solid was 
adsorbed to NHa-modif ied silica gel (produced by Biotage 
Japan, Ltd.), and eluted with ethyl ace tate . The fraction 
obtained was concentrated, and the crystals thus deposited 
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were dried to give 0.20 g of the entitled compound as 
light yellow crystals. Yield rate: 20%, EI-MS : 

(m/z) 188 (MM / melting point: 102-104°C. 
Example 4: Synthesis of l-Benzyl-4- ( 5' -methyl-2' - 
pyridyl ) -1 , 2 , 5, 6- tet rahydropyr idine ( ( I ) -1 4 ) 

Benzyl bromide in an amount of 1.06 g was added to 
a solution of 1 g of 5-methyl-2 , 4 ' -bipyridine in 15 mL 

of isopropyl alcohol, and stirred for 5 hours at SO^'C. 
To the resulting reaction solution, 0.08 g of 2% platinum 
carbon and 0.59 g of triethylamine were added. This 
admixture was put in an autoclave, the autoclave's 
atmosphere was replaced twice with nitrogen gas under 
a nitrogen pressure of 196 kPa, and then hydrogen gas 
was blown into the autoclave over 3 hours at 55°C under 
a hydrogen pressure of 390 kPa until the absorption of 
hydrogen gas in a volume of 260 mL was completed. After 
the replacement with nitrogen, the catalyst was filtered 
out and the resulting filtrate was concentrated under 
a reduced pressure of 1 .33 kPa until the quantity thereof 
was reduced to 1.70 g. Further thereto, 50 mL of water 
and 10 g of a 25% aqueous solution of sodium hydroxide 
were added. The resulting solution was extracted with 
three 50 mL portions of ethyl acetate. The organic layer 
was concentrated, and the thus obtained sol id was adsorbed 
to 40 ^xm silica gel (produced by J.T. Baker, Inc.), and 
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eluted with ethyl acetate. The fraction obtained was 
concentrated, and the crystals thus deposited were dried 
to give 0.50 g of the intended compound as light yellow 
crystals. Yield rate: 32%, EI-MS: (m/ z ) 2 64 (M"*") , melting 

point : 71 . 4-73 . 4^C . 

The following compounds were synthesized in the 
similar manner to the above. The structural formulae of 
the compounds s yn thes i zed are illustratedbelow, and their 
physical properties are shown in Tables 1 to 6. As to 
the compounds whose melting points were impossible to 
measure and some others, their NMR spectral data are shown 
in the tables . 
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<y<^- B.^v^.„ 

( I )- 1 ( I )- 2 ( I )- 3 




( I )- 7 ( I )- 8 ( I )- 9 




( I )-12 ( I )-13 (I )-14 




(I)-17 (I)-18 (I)-19 
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(I)-20 (I)-21 




(I)-27 (I)-28 (I)-29 




(I)-30 (I)-31 
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(I)-32 (I)-33 (I)-34 




(E)- 7 (H)- 8 (n)- 9 




(n)-io (n)-ii 




(n)-i2 (n)-i3 (n)-i4 




(n)-i5 (n)-i6 
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MeOCHN 




(n)-i7 (n)-i8 (n)-i9 




(n)-22 (n)-23 (n)-24 




(n)-27 (n)-28 (n)-29 
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(n)-30 (n)-3i 



NH .HCI ^NH .HCI 



(n)-32 (n)-33 
(ni)-i (in)-2 '"^^ {ni)-3 



(n)H«C„^0-^ HOOC-fVO "'°-0^„ 
(ni)-4 (ni)-5 "CI c^)_e HCI 



"hoi "^V-/^ "^^V^ 

(m)-7 ■ (IE) -8 V_/ (in) -9 V_/ 

EtOaC-^ OaN-TV^ MeOCHN-O-^ 

(in)-io (in)-i 1 V_/ (ni)-i2 



V-N-^^N^ ^ /==v /=N 



(iii)-i6 0 (Il)-n7 
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02N-O-O /=\ "^°^"'^-0-0 

(n)-i8 0^ (HI)- 19 (f 




(BI)-2 0 0 

Vo'^'^^ (iii)-2 3 SOzMe 

m)-2 2 0 



mc^noc-TIhY"^ h^-hT^W^ '"'"^^''"-O-Oh 

(IV) - 1 ■ (IV) -2 (IV) - 3 



(IV) -4 HCI .HCI (IV) -6 "CI 



/=\ Me2N0C-/^K-^(^ MeOCHN-/^— 

HOOC-( W > \-N /=\ 

7 -HCI (IV) -8 (IV) -9 




(IV) -7 CIV) -8 viv;-» >=— ^ 

/=\ N N /=x ^ 

(IV)-IO (iv)_ll VJ' (IV)-12 

(IV)-13 ^~Vy (IV)- 14 

(IV)- 15 0-^° (IV)- 16 0 
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Table 1 



1 Exenapl e 


Compound Number 


Melting Point CO 


ATS [EI M+ ] 


5 


( T ) 


— 1 

JL 


/ o 


. 0 


-80.0 


174 


6 


( T ) 




/ 3 


. 0 


-74.0 


239 


7 


( T ) 




/ O 


. 0 


•-7 •~i A 

-77.0 


185 


8 






16 3 


. 0 


-165.0 


203 


9 


( T ^ 




94 


. 0 


-96.9 


204 


10 


( T ^ 


O 


9 0 


. 0 


-92.3 


175 


11 




/ 


14 0 


. 0 


-142.0 


217 


12 






14 8 


. 0 


-150.9 


236 


13 






134 


. 0 


-136.7 


270 


14 


1 J- ; ■ 


-in 
J. U 


131 


. 0 


-132.2 


315 


15 






8 1 


. 0 


-83.0 


188 


16 


/ T \ - 


- 1 o 
1 ^ 


7 1 


. 4- 


-73.4 


2 64 


17 


( -L ; 


1 

- 1 J 


7 9 


. 0- 


-81.0 


328 


18 


( T \ 


1 /I 
14 


7 8 . 


0- 


107.0 


275 


19 


\ ) 


- 1 CI 

~ 1 O 


17 8 


. 0- 


-180.0 


293 


20 


/ T \ 


-16 


113 


. 0- 


-115.4 


2 65 


21 




. 1 '7 
1 / 


178 


. 0- 


-180.0 


307 


22 




. 1 Q 
1 O 


14 9 


. 0- 


-150.9 


326 


23 


/ T \ _ 


. 1 Q 

■ 1 y 


128 


. 0- 


-130.0 


360 


24 




■ ^ U 


138. 


0- 


-140.0 


4 05 


25 


/ T \ 


^1 1 


68 , 


0- 


-70.0 


278 


26 




o o 
^: ^: 


60 . 


0- 


-63.0 


308 


27 


1 J- ; " 




98 . 


0- 


•99.1 


372 


28 




O A 
^ fi 


95. 


0- 


•97.0 


319 


29 


• ( 1) - 




168 . 


0- 


•170.0 


337 


30 




^ D 


88 . 


0- 


90 . 5 


309 


31 


V -L ; 




157 . 


0- 


158 . 9 


351 


32 




^ O 


125 , 


0- 


126.9 


370 


33 


(I) - 


29 


109. 


0- 


110.9 


404 


34 


(I) - 


30 


145. 


0- 


147.3 


449 


3 5 


(I) - 


31 


63 . 


0- 


65 . 0 


322 


36 


(I) - 


32 


102 . 


0- 


104.0 


188 


37 


(I) - 


33 


158- 


181 


188 


38 


(I) - 


34 


232 


decomp . 


236 


39 


(II) 


-1 


90 . 


0- 


92 . 0 


176 


40 


(II) 


-2 


79, 


0- 


81.7 


241 


41 


(II) 


-3 


90. 


0- 


92 . 3 


187 


42 


(II) ■ 


-4 


178 . 


0- 


180 . 1 


205 
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Table 2 



U CI Hl£^ J. C7 


Compound number 


MeSLJLny r'OjLnC ( 


M<? f P T M-h 1 

Jrl tD I ^ J. l^JL ' J 


/I ^3 


(II) 


-5 


Q o n C\ A 1 

92.0-94.1 


o r\ ^ 
Z U D 


A A 


(II) ■ 


-6 


^ o c 

< 2 5 


17/ 


/I c 

4 5 


(II) 


-7 


40 . 0-42 . 0 


219 


4 6 


(II) ■ 


-8 


109.0-110.9 


2 3 8 


4 7 


(II) ■ 


-9 


130.0-132.2 


2 7 2 


4 8 


(II) - 


10 


148.0-150.9 


317 


4 9 


(II) - 


11 


95.0-97.6 


190 


5 0 


( II ) - 


12 


7 4.0-76.3 


2 6 6 


5 1 


(II) - 


13 


94.0-96.7 


331 


52 


( II ) - 


14 


103.0-105.6 


277 


53 


( II ) - 


15 


173 . 0-175 . 0 


2 95 


54 


( II ) - 


16 


<25 


2 67 


55 


( II) - 


17 


148.0-149.1 


309 


56 


(II) - 


18 


123.0-125.1 


32 8 


57 


( II ) - 


19 


132 . 0-134 . 9 


3 62 


58 


(II) - 


20 


163.0-165.1 


407 


59 


(II) - 


21 


63.0-65.0 


280 


60 


( II) - 


22 


69 . 0-71 . 9 


310 


61 


( II ) - 


23 


92.0-94.1 


374 


62 


( II ) - 


24 


5 6.0-58.6 


321 


D J 


(II) - 


25 


ic:o n ICC n 


Q "a Q 

o o y 


64 


(II) - 


26 


79 . 0-81 . 7 


311 


65 


( II) - 


27 


115 . 0-117 . 2 


353 


66 


( II) - 


28 


106 . 0-108 . 3 


372 


67 


( II ) - 


29 


115 . 0-117 . 2 


406 


68 


( II ) - 


30 


132 . 0-134 . 9 


451 


69 


(II)- 


31 


65.0-67.5 


324 


70 


(II) - 


32 


181-194 


190 


71 


(II) - 


33 


22 8 decomp. 


238 
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Table 3 



Compound Melting 
Number Point MS ^H-NMR 

(°C) 



(II)-6 <25 177 (CD3OD) 1.93-1.99(m, 2H), 

2.05(d, J=12.8 Hz, 2H) , 

2.86-2.93(m, IH), 3.12(td, 
J=12.8Hz, 3.2Hz, 2H), 3.49(d, 
J=12.8Hz, 2H) , 7.06-7.11(m, 2H), 
7 . 95 (s, IH) . 

(II)-16 <25 267 (CDCI3) 1.73-1.88(m, 4H), 

2.08(d, J=11.4 Hz, 2H) , 2.60(m, 
IH) , 3.00(d, J=11.4 Hz, 2H) , 
3.53(s, 2H) , 6.88-6.97(m, 2H), 
7.22-7.35 (m, 5H) , 8.02(dd, 

J= 8 . 4 , 2.5 Hz, IH) . 



Table 4 



Compound 
Number 



Melting 
Point (°C) 



MS ^H-NMR 



(III) -1 
(III) -2 
(III) -3 
(III) -4 
(III) -5 
(III) -6 
(III) -7 
(III) -8 



(III) -9 
(III) -10 



73-75 
106.5-109 
173-174 
162-163 
.260 dec. 
224-225 
168-169 
<25 



89-90 
<25 



239 
205 
175 
328 
204 
190 
252 
329 



321 
322 



(CDCI3) 2.37(m, 2H) , 2.60(t, 
J=5.6Hz, 2H) , 3.50(dd, J=2.4, 
4.4Hz, 2H) , 3.71(s, 2H), 
6.64(m, IH), 7.25(t, J=7.2Hz, 
2H) , 7.32(t, J=7.2Hz, 2H), 
7.38(t, J=7.2Hz, 2H) , 7.69(dd, 
J=2.4, 8.4Hz, IH) , 8.55(d, 
J=2 . 4Hz, IH) . 



(CDCI3) 

2 , 4 3 (m, 

3 . 58 ( s, 
4 . 38 (q, 
IH) 
IH) 



1 .43 (t, 

2H) , 2 
2H) , 3 
J=7 . 2Hz, 
7 . 2 6-7 . 5 6 (m, 
9.13(s, IH) 



J=7.2Hz, 3H) 



. 64 (m, 
. 7 5 (m, 
2H) , 6 
6H) , 8 



2H) , 
2H) , 
84 (m, 
21 (m. 
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(Ill) 


- 1 1 


99.3-101.1 


2 9 5 






(III ) 


-12 


158-159 


307 






(III) 


- 1 3 


<25 


418 


(CDCI3) 0.89(t, J=6.7Hz, 


3H) , 










1 .27-1 . 31 (m, 17H) , 1 . 


60 (m. 










2H) , 1.71 (m, IH) , 2 . 39 (m, 


, 2H) , 










2.56-2.63(m, 4H), 3.57(s 


, 2H) , 










3 . 74 (s, 2H) , 6 . 36 (s. 


IH) , 










6 . 50 (m, IH) , 7 . 25-7 . 43 (m 


, 7H) . 


(III ) 


-14 


<25 


280 


(CDCI3) 2 .38 (m, 2H) , 2 . 


65 (t. 










J=5.7Hz, 2H) , 3.55(m, 


2H) , 










3 . 74 (m, 2H) , 3 . 86 (s. 


3H) , 










6 . 52 (m, IH) , 7.14 (m. 


IH) , 










7 . 25-7 . 43 (m, 6H) , 8 . 


24 (d. 










J=2 . 9Hz, IH) . 




(III) 


-15 


<25 


342 


(CDCI3) 2 . 40 (m, 2H) , 2 . 


63 (t. 










J=5 . 8Hz, 2H) , 3 . 56 (m. 


2H) , 










3 . 75 ( s, 2H) , 6.58 (m. 


IH) , 










7 . 02 (m, 2H) , 7 . 15 ( t, J=7 


. 3Hz, 










IH) , 7 . 24-7 . 43 (m, 9H) , 8 . 


33 (d. 










J=2 . 8Hz, IH) . 




(III) 


-16 


<25 


373 


(CDCI3) 2.37 (brs, 2H) , 3. 


64 (t. 










J=5.6Hz, 2H) , 4.47(dd, J 


=2.4, 










4 . 8Hz, 2H) , 5. 19 (s. 


2H) , 










6.72(brs, IH), 7.32(m, 


6H) , 










7.75(dd, J=2.4, 8.4Hz, 


IH) , 










8 . 58 (d, J=2 . OHz, IH) . 




(III) 


-17 


<25 


366 


{CDCI3) 1.43(t, J=7.2Hz, 


3H) , 










2.44(m, 2H) , 3.68{t, J=5 


. 7Hz, 










2H) , 3 . 96 (s , 2H) , 4 . 


42 (q. 










J=7 . 2Hz, 2H) , 5 . 22 (s. 


2H) , 










6.92 (m, IH) , 7 . 32-7 . 48 (m, 


r 6H) , 










8.25(dd, J=1.6, 8.4Hz, 


IH) , 










9 . 16 (s, IH) . 




(III) 


-18 


91-93 


339 






(III) 


-19 


122-123 


351 






(III) 


-20 


35-37 


462 






(III) 


-21 


<25 


324 


(CDCI3) 2 . 38 (m, 2H) , 3 . 


67 (t. 










J=5 . 7Hz, 2H) , 3 . 88 (s. 


3H) , 










4 . 50 (s, 2H) , 5.22 (s. 


2H) , 










6 . 61 (m, IH) , 7 . 18 (m. 


IH) , 










7 . 32-7 . 43 (m, 6H) , 8.28(s, 


. IH) . 




- o o 


< ^ O 


Q £i 
J O D 


(CDCI3) 2.44(m, 2H) , 2. 


68 (t, 










J=5.7Hz, 2H) , 4.51 (s. 


2H) , 










5 . 21 ( s, 2H) , 7 . 05 (d, J=8 


. OHz, 










2H) , 7 . 21 (m, IH) , 7 . 32-7 , 


43 (ra. 










lOH), 8.38(s, IH) 




(III) - 


-23 


<25 


238 


(DMSO) 2 . 47 (m, 2H) , 2 . 


99 (s. 










3H) , 3 . 30 ( t , J=5 . 6Hz, 


2H) , 



52 







4 . 23 (M, 


2H) , 


6 . 95 (m, IH) , 






7 . 57 ( t. 


J=6 . 2Hz 


, IH) , 7 . 87 (d. 






J=8 . IHz 


/ IH) , 8 . 


12 (t, J=7 . 2Hz, 






IH) , 8. 


63 (d, J= 


5 . OHz, IH) . 


Table 5 


Compound 
Number 


Melting 
Point 


MS ^H-NMR 







(IV) -1 



<25 



(IV) -2 



147-148 177 



(IV) -3 



50-51 



(IV) -4 



<25 



(IV) -5 
(IV) -6 



88-89 
179-180 



233 (DMSO) 1.70(m., IH), 1.84(m, 
2.02(m, IH) , 2.89(m, IH), 2. 
3H) , 2 . 99 (s, 3H) , 3 . 18 (m, 
3.27(m, 2H) , 3.43(m, IH) , 7. 
J=8.4Hz, IH) , 8.26(dd, J 
2 . 4Hz, IH) , 9 . 00 (s, IH) . 
(CDCI3) 1.79-1 . 89 (111, 

1 . 98 (d, J=6 . OHz, IH) , 2 . 
IH) , 3.25 (d, J=10 . 8Hz, 
3.42(m, 2H), 7.63(s, 2H), 7. 
IH) , 9.37(ni, IH) , 9.61(m, 
330 (DMSO) 0.83(t, J=6.6Hz, 
1 . 22 (m, 13H) , 1.27 (m, 
1.59(m, 2H), 1.89 (m, 3H), 2. 
IH) , 2 . 74 ( t , J=7 . 8Hz , 
2.86(m, IH), 3.27(d, J=12 
IH) , 3 . 42 (m, IH) , 3 . 
J=12 . OHz, IH) , 3 . 62 (m, 
7 . 93 (d, J=7 . 8Hz, IH) , 8 . 
J=7 . 8Hz, IH) , 8 . 70 (s, 
9 . 52 (m, IH) , 9 . 87 (m, IH) . 
254 (CDCI3) 1 . 65-1 . 90 (m, 

2.06(m, IH), 2.89(d, J=12 
IH) , 3 . 29 (q, J=ll . 4Hz, 
3.48(d, J=12.0Hz, IH), 3. 
IH) , 6.94 (d, J=8 . 4Hz , 
7.68(d, J=8.4Hz, IH), 7. 
J=8.4Hz, IH) , 8.55(d, J=7 
IH) , 8 . 93 { s , IH) , 9 . 48 (m, 
9.69(m, IH) 



192 
254 



(DMSO) 1 . 68-1 . 72 (m, IH) , 1. 
2H) , 2 . 00 (m, IH) , 2 . 8 6 (m, 
3.15(m, IH), 3.27(m, 2H), 3. 
J=11.4Hz, IH) , 7.07(d, J=7 
2H) , 7 . 20 ( t , J=7.8Hz, 



2H) 
92 ( s 

IH) 
53 (d 
= 8 . 4 

3H) 
83 (m 

2H) 
95 ( s 
IH) 

3H) 

5H) 
04 (m 

2H) 
. OHz 
48 (d 

IH) 
40 (d 

IH) 

3H) 
. OHz 

IH) 
57 (m 

2H) 
86 (d 
. 2Hz 

IH) 



84 (m, 
IH) , 
40 (d, 
. 8Hz, 
IH) , 
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7.43(t, J=7.8Hz, 2H), 7.48(d 
J=8.4Hz, IH), 7.54(m, IH) 
8.36(s, IH) , 7.26(m, IH) , 7.30(in 
IH) 



(VI)-7 <25 206 (DMSO) 1.70(.m, IH), 1.84(m, 2H) 

2.02(m, IH) , 2.89(m, IH) , 3.18(m 
IH) , 3,27(m, 2H) , 3.43(m, IH) 
7.49(d, J=7.8Hz, IH) , 7.90(dd 
J=8.4, 2.4Hz, IH) , 8.59(s, IH) 

(VI)-8 <25 323 (CDCI3) 1 . 58-1 . 65 (m, IH) 

1.79(iti, 2H) , 1.97 (m, IH) , 2.13(m 
IH) , 2.34(m, IH) , 2 . 95-3.09(m 
4H) , 3.01(s, 3H) , 3.11(s, 3H) 
3.62(s, 2H) , 7.23(d, J=7.8Hz 
IH) , 7.25 (m, IH) , 7 . 32 ( t 
J=7.5Hz, IH) , 7.36{d, J=7.2Hz 
2H) , 7.67(dd, J=2.4, 7.8Hz, IH) 
8 . 58 (m, IH) . 

(IV)-9 <25 309 (D2O) 1.57(dq, J=3.0, 12. GHz 

IH) , 1.80(d, J=7.8Hz, IH) 
1.90(m, IH) , 1.95(d, J=11.4Hz 
IH) , 2.21(s, 3H) , 2.24(m, IH) 
2.45(m, IH) , 3.04(ia, IH), 3,15(m 
2H) , 3.73 (m, 2H) , 7 . 09 (d 
J=8.4Hz, IH) , 7.29(d, J=7.2Hz 
IH) , 7.34(t, J=7.2Hz, 2H) 
7.42(d, J=12.6Hz, 2H), 8.01(d 
J=6.6Hz, IH) , 8.53(s, IH). 

{IV)-10 <25 420 (CDCI3) 0.88(t, J=7.2Hz, 3H) 

1.25(ni, 13H), 1.29{m, 5H) 
1 . 55-1 . 63 (m, 3H) , 1.78(in, 2H) 
1.96(m, IH), 2.08(m, IH), 2.27(m 
IH) , 2.54(t, J=7.8Hz, 2H) 
2.94(m, IH) , 3.03(m, IH) , 3.08(m 
IH) , 3 . 60 (s, 2H) , 7 . 08 (d 
J=8.4Hz, IH), 7.24(dd, J=7.2Hz 
IH) , 7.30(t, J=7.2Hz, 2H) 
7.35(d, J=7.2Hz, 2H) , 7.39(dd 

J=2 .4, 8 . 4Hz, IH) , 8.34 (s, IH) 
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Table 6 







I X C> X L. X 1 i ^ 








Compound 


sr KJ J. 11 L- 


IXLO 






Number 


{ C ) 




(IV) 


-11 


<2 5 


/-s O O 

2 8 2 


( DM SO) l.D8(m, IH)-, 


//{JXif 










2H), 1.94(ni, IH),^ z.Uotm, 












2.91-3.U6(m, 4H), J.d/(s, 


0 "LI \ 










3.81(s, 3H) , 7.08-7.12(m, 


2H) , 










7 .24 (t, J=7 . 2Hz, IH) , 7 . 


30 (t. 










J=7.2Hz, 2H), 7.35(m, 


2H) , 










8 . 22 (d, J=3 . OHz, IH) . 




(IV) 


-12 


<25 


34 4 


(D2O) 1.60(m, IH) , 1.81(m, 


IH) , 










1 . 93-2 . 00 (m, 2H) , 2.20(m, 


IH) , 










2.43(m, IH) , 3.04(m, IH) , 3. 


1 8 (m. 










2H) , 3.73(m, 2H), 6.99(d, J 


= 8.4, 










2H) , 7.12-7.15(m, 2H) , 7.20(dd, 










J=3, 9Hz, IH) , 7 . 28 (m. 


IH) , 










7 . 32-7 . 36 (iti, 4H) , 7.41(ra, 


2H) , 










8 . 31 (s, IH) . 




(IV) 


-13 


<25 


344 


(CDCI3) 1.61-1.71 (m. 


IH) , 










1.88(m, IH) , 2.05(m, IH) , 2. 


17 (m. 










IH) , 2 . 42 (m, IH) , 2 . 78 (m. 


IH) , 










3 . 23-3 . 49 (m, 3H) , 3.90-4. 


01 (m. 










2H) , 6.97 (d, J=12 . 6Hz, 


2H) , 










7.12(d, . J=12.6Hz, 


IH) , 










7.30-7.41(m, 6H), 7.5-7. 


52 (m. 










2H) , 7.63 (d, J=12 . 6Hz, 


IH) , 










8 . 61 (s, IH) 




(IV) 


-14 


<25 


4 62 


(CDCI3) 1 . 65-1 . 70 (m. 


IH) , 










1.83(m, IH) , 1.92 (m, IH) , 2. 


01 (m. 










IH) , 2 . 22 (m, IH) , 2.50 (m. 


IH) , 










3.06(m, IH) , 3.21(m, 2H) , 3. 


80 (m. 










2H) , 5.29 (s, 2H) , 7.25-7. 


30 (m. 










4H) , 7 . 34 ( t, J=7 . 8Hz, 


2H) , 










7.37-7.43(m, 5H), 7.46(m, 


2H) , 










7 . 54 (d, J=7 . 2Hz, 2H) , 7 . 


78 (d. 










J=7.2Hz, IH) , 8.71(s, IH) . 




(IV) 


-15 


<f* 9 R 
^ ^ Zj 




(CDCI3) 1.63(m, IH) , 1.80(m 


, 2H) , 










2.04(m, IH), 2.91(m, 2H), 3. 


02 (s. 










3H) , 3 . 13 (m, 4H) , 4 . 21 (m. 


IH) , 










4 . 31 (m, IH) , 5 . 16 (m, 2H) , 7 . 


23 (m. 










IH) , 7 . 36 (m, 5H) , 7.72 (m. 


IH) , 










8 . 61 (s, IH) . 




(IV) 


-16 


<25 


353 


{CDCI3) 1.48(m, 


IH) , 










1 . 68-1.73 (m, 2H) , 1 . 


94 (d. 










J=11.4Hz, IH) , 2.05(s, 


3H) , 
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2.74(m, IH) , 2.76-2.90(m, 2H), 
4.03(d, J=13.8Hz, IH), 4.13(ra, 
IH) , 5.09(m, 2H) , 7 . 2 4 - 7 . 3 6 (m, 
6H) , 7.96(m, IH) , 8.58(s, IH), 
10 . 10 (s, IH) . 


( IV) -17 


<25 


464 


(DMSO) 0.88(t, J=7.2Hz, 3H), 
1 . 28-1 . 30 (m, 20H) , 1 . 59 (m, 2H), 
1.78(m, 2H), 2.04(m, IH), 2.57(t, 
J=7.8Hz, 2H) , 2.84(m, 2H), 
3.08(m, IH) , 5.16(m, 2H) , 7 . 09 (m, 
IH) , 3.62(m, IH) , 7.30-7.36(m, 
5H) , 7.43(m, IH) , 8.36(s, IH) . 


(IV) -18 


<25 


388 


(D2O) 1.62(m, IH) , 1.79(m, 2H), 
2.06(m, IH) , 2.91(m, 2H) , 3.11(m, 
IH) , 4 . 17-4 . 33 (m, 2H) , 
5 . 09-5 . 30 (m, 2H) , 7.01{d, 
J=8.4Hz, 2H) , 7.16(t, J=8.4Hz, 
2H) , 7.31-7.40(m, 8H), 8.33(s, 
IH) . 


( IV) -19 


<25 


506 


(CDCI3) 1.64 (m, IH) , 1.72(m, 2H), 
2.10(m, IH) , 2.94 (m, 2H) , 3.16(m, 
IH) , 4.33(in, 2H) , 5.17(m, 2H) , 
5.30(s, 2H) , 7 . 29-7 . 47 (m, 13H), 
7.56(d, J=11.5Hz, 2H) , 7.80(s, 
IH) , 8 . 74 (s, IH) . 



Comparative Example 1 : Synthesis of 4- ( 5' -Me thylpyr id- 
2 -yl ) piperidine 

To a solution of 10 g of 5-methyl-2 , 4 ' -bipyridine 
in 70 ml of isopropyl alcohol, 10.5 g of benzyl bromide 
was added, and stirred for 5 hours at 50°C. The resulting 
reaction solution was cooled, and thereby crystals 
separated out. These crystals were filtered off, and 
dried. Thus, 18. 4gof light brown crystals were obtained, 
and dissolvedin200mLof ethanol . The resulting solution 
was cooled to 10°C, and thereto 4.9 g of sodium 
tet rahydroborate was added. The resulting reaction 
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solution was ref luxed for 3 hours, concentrated to dryness, 
passed through a silica gel column {40|Lim, made by J.T. 
Baker, Inc,) and then eluted with ethyl ace tate . Further, 
the fraction thus obtained was concentrated to give 11.3 
g of light brown crystals. The crystals thus obtained 
were dissolved in 300 mL of toluene, and dehydrated over 
3 hours under reflux by use of a Dean-Stark reflux 
dehydrator. The reaction solution was cooled to room 
temperature, and thereto 7.7 g of Z-Chloride (produced 
by Wako Pure Chemical Industries, Ltd.) was added. The 
reaction solution was refluxed for 5 hours, concentrated 
to dryness, passed through a silica gel column (40jxm, made 
by J.T. Baker, Inc.), and then eluted with toluene. 
Further, the fraction thus obtained was concentrated to 
give 6.6 g of light brown crystals. The crystals thus 
obtained were dissolved in 19 mL of hydrochloric acid, 
and the reaction solution was refluxed for 3 hours. The 
resulting reaction solutionwas cooledto room temperature , 
adjusted to pH 13 by addition of sodium hydroxide, and 
then extracted with chloroform- Together with the 
organic layer, the extract was dried over anhydrous 
magnesium sulfate, and the inorganic matter was filtrated 
out. The resulting organic layer was concentrated, and 
the crystals thus deposited were dried to give 2.6 g of 
light yellow oily matter. Then, the oily matter was 
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dissolved in 70 mL of methanol, and thereto 1.35 g of 
10% palladium carbon and 2.96 g of ammonium formate were 
added- This admixture was put in an autoclave, the 
autoclave' s atmosphere was replaced twice with nitrogen 
gas under a nitrogen pressure of 196 kPa, and then hydrogen 

gas was blown into the autoclave over 5 hours at 80°C under 
a hydrogen pressure of 490 kPa until the absorption of 
hydrogen gas in a volume of 340 mL was completed. After 
the replacement with nitrogen, the catalyst was filtered 
out and the resulting filtrate was concentrated under 
a reduced pressure of 1.33 kPa until the quantity thereof 
was reduced to 10.0 g. Further thereto, 50 mL of water 
and 10 g of a 25% aqueous solution of sodium hydroxide 
were added. The resulting solution was extracted with 
three 200 mL portions of ethyl acetate, and the organic 
layers were mixed together and dried over anhydrous 
magnesium sulfate. Then, the inorganic matter was 
filtered out, and the organic layer thus obtained was 
concentrated- The thus deposited crystals were dried to 
give 1.9 g of the intended compound as light yellow oily 
matter . 
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The results of Example 1 and Comparative Example 
1 are shown in Table 7. The reaction time set forth in 
the table is the sum total of reaction times in all the 
steps. 



Table 7 





Example 1 


Comparative Example 
1 


Total Yield (%) 


48 


20 


Number of Steps 


2 


6 


Reaction Time (hr) 


10 


24 



As is evident from the results shown in Table 1, 
the synthesis according to the combination of known 
methods is three times greater in number of steps and 
2 . 4 times longer in reaction time required than the present 
synthesis. In addition, the yield was 48%. in Example 1, 
whereas Comparative Example 1 gave a low yield of 20%. 
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From these data, it is apparent that the present 
manufacturing method is superior. 
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